Study selection and data extraction were performed independently by two reviewers.
| INTRODUC TI ON
Dental implants have become a well-accepted and predictable treatment modality. From the pioneer work of Brånemark and Schroeder describing osseointegration in the 70s to the more recent digital developments in implant dentistry, our understanding in implant science has evolved. Similarly, outcome assessment of dental implants has considerably evolved.
Initially, the main outcome that was documented included implant survival. The dichotomous nature of this outcome does not allow for specific discrimination between the two extremes of this assessment parameter; that is, the implant is either in the alveolar bone or it is not. Later, a set of proposed criteria for success based on the knowledge acquired on the Brånemark implant system has been described by Albrektsson, Zarb, Worthington, and Eriksson (1986) and has been widely used. Comprehensive evaluation of implant therapy outcome included further parameters taking in account not only the dental implant but also the health of the peri-implant hard and soft tissue interface, the integrity of prosthetic reconstruction and the overall aesthetic integration of the prostheses (Belser, Buser, & Higginbottom, 2004; Belser et al., 2009; Cosyn, Thoma, Hammerle, & De Bruyn, 2017; Furhauser et al., 2005; Lang et al., 2004; Papaspyridakos, Chen, Singh, Weber, & Gallucci, 2012; .
Patients' perceptions of implant therapy outcome have gained considerable attention in the last two decades (De Bruyn, Raes, Matthys, & Cosyn, 2015) . The generic term used to describe the pa- (Nelson et al., 2015) . Therefore, PROMs represent an important tool to develop treatment guidelines in which the patients are actively engaged.
Over the last four decades, progress made in biological understanding of implant wound healing, refinement of surgical procedures combined with technological advances related to implant design and surface developments have challenged the initial treatment guidelines that were established by the pioneers in implant dentistry. While early guidelines recommended an undisturbed healing for 3-6 months prior to prosthesis loading (Brånemark et al., 1977) , protocols have been developed to shorten the overall treatment duration for the patient. The most extreme development is represented by the placement of a dental implant in single tooth gap fresh extraction socket and immediately temporized with a single implant-supported provisional restoration. In 1998; Wöhrle reported on 14 consecutive patients treated successfully with immediate implants and immediate temporization. The success with this treatment protocol has been further documents in multiple case series and small cohort studies have (Ferrara, Galli, Mauro, & Macaluso, 2006; Groisman, Frossard, Ferreira, de Menezes Filho, & Touati, 2003; Kan, Rungcharassaeng, & Lozada, 2003; Palattella, Torsello, & Cordaro, 2008; Shibly, Patel, Albandar, & Kutkut, 2010) .
Patient selection, risk analysis, and clinical expertise seem to be key for successful outcome (Ganeles & Wismeijer, 2004; Jivraj, Reshad, & Chee, 2005) . The majority of these reports have focused on the outcome of this protocol in the aesthetic zone; that is, in the anterior maxilla. From an aesthetic standpoint, successful outcome can be achieved with immediate implant placement although mucosal midfacial recession is not uncommon .
While there seem to be no difference in implant survival rate and marginal bone level between immediate and conventional loading, from an aesthetic perspective controversial outcomes preclude any definitive conclusion (Benic, Mir-Mari, & Hammerle, 2014) . The proceedings of Fifth ITI Consensus Conference concluded that, irrespective of the timing of implant placement or loading protocol, successful outcomes can be achieved and reinforced the notions that highly trained clinicians were a prerequisite for success. Based on the classic clinical outcomes reported, there are still no clear guidelines as to which treatment protocol should be favored in daily practice Morton, Chen, Martin, Levine, & Buser, 2014) . The practitioner is then faced with multiple treatment options that could lead to similar results. In such a situation, the patients' perspective may be decisive in determining the preferred treatment modality.
Therefore, the aim of this systematic review was to answer the following PICO question: In patients receiving immediate (Type 1) implant placement, how does immediate compare to early or conventional loading in terms of patient-reported outcomes?
| MATERIAL AND ME THODS

| Protocol registration
The systematic review was registered in the PROSPERO international database on October 2016 (Registration number #49604). clinical trial, immediate dental implant loading, patient-reported outcome measures, visual analog scale in MEDLINE (OVID, 1946 -present), PubMed (1809 , EMBASE and the Cochrane Database of Systematic Reviews (Issue 5 of 12, May 2017). Search strategies were developed for MEDLINE but revised appropriately for each database to take account of differences in controlled vocabulary and syntax rules. The main concepts identified were as follows: dental implants, immediate implant loading, and treatment outcomes. Terms searched related to the concept of treatment outcomes included, but were not limited to: quality of life, visual analog scale, and patient outcome assessment. Terms searched related to the concept of dental implantation included but were not limited to edentulous jaw or mouth, endosseous dental implants, and implant-supported dental prosthesis. Terms searched related to the concept of immediate dental implant loading included but were not limited to immediate implants or functions or temporizations, and teeth-in-a-day. 
| Search methodology
| Study selection
The type of studies considered for this review included randomized controlled trials, prospective and retrospective cohort studies, and case series of at least five patients. The different components of the PICO questions served as the basis for study inclusion. The patient population comprised partially edentulous patients receiving immediate dental implants (Type 1). The tested intervention under scrutiny was immediate loading, that is, within 1 week of implant placement, while the comparison group entailed early (1 week to 2 months) or conventional loading (>2 months) as previously defined by the ITI and others (Esposito, Grusovin, Willings, Coulthard, & Worthington, 2007) . Studies reporting on PROMS as defined by the FDA were considered for inclusion (US Department of Health and Human Services, 2006) . Moreover, the patient-centered outcomes had to be supported by presented data in the article.
Studies reporting on "All-on-4" protocol, as initially described by Malo and coworkers (Malo, Rangert, & Nobre, 2003 , and full-arch restoration were excluded for the following reasons. First, it could not be ascertained that all the implants placed according to this protocol were immediate implants (Type 1). These treatment protocols are usually used in failing dentitions of partially edentulous patients. While the remaining failing dentition is extracted immediately prior to implant placement, some implants may have been placed in long-standing edentulous healed sites (Type 4). Second, the technique used for immediate implant placement in the all-on-4 protocol calls for the placement of tilted implants with a crossarch stabilization prosthetic reconstruction which differs drastically from the immediate load of implants placed in fresh extraction socket of partially edentulous sites. Third, the crossarch stabilization represents a different biomechanical entity compared to single or short span fixed dental prostheses. Finally, indications for full-arch restoration treatment usually include patients who have experienced a failing dentition over time, which is no longer satisfactory and a more drastic and permanent therapy is sought for. The impact of such treatment cannot be combined with that of implants placed in fresh extraction socket typically involving a limited number of teeth replaced which was the focus of this review.
Studies including zygomatic implants were excluded and publications in other languages than English, German, or French were not Any disagreement was resolved by discussion. The same two investigators independently read the full-text articles and consensus was reached by discussion in case of disagreement. Kappa statistics was used to determine interrater agreement (Cohen, 1960) .
Data extraction table for included study was created and populated independently by the two investigators. Any disagreement was resolved by discussion.
| RE SULTS
Final searches were run on 5/9/17 and resulted in 1,102 results following de-duplication. The screening of the abstracts led to the inclusion of 28 articles (ƙ = 0.60 or "good agreement"). After evaluation of the full texts, 19 studies were excluded and a total of nine studies were included in the present systematic review (ƙ = 0.93 or "very good agreement"). The hand search did not add any additional references ( Figure 1 ). The reasons for exclusion of the full-text articles can be found in Table 1 . 
| Study characteristics
The data extracted from the included studies are detailed in Cosyn, 2008a Cosyn, , 2008b Ferrara et al., 2006; Kolinski et al., 2014; Takeshita et al., 2015) . Two studies by Raes, Cooper, Tarrida, Vandromme, and De Bruyn (2012) , Raes, Cosyn, and De Bruyn (2013) were multiarms studies and only data from one arm consisting Type 1 implant placement and immediate temporization was extracted for the purpose of the present systematic review.
The PROMs reported included the use of visual analogue scale to determine patient satisfaction with regards to aesthetics (De Rouck et al., 2008a , 2008b Kolinski et al., 2014) , function, speech, sense of implant feeling like one's own and self-esteem (Kolinski et al., 2014) . Other PROMs included the use of a 5-point categorical scale to evaluate function and aesthetic (Felice et al., 2011 (Felice et al., , 2015 , a 10-point categorical scale to evaluate patient satisfaction (Ferrara et al., 2006) , the use of close-ended questions (Felice et al., 2011 (Felice et al., ,2015 and the use of Oral Health Impact Profile (OHIP) questionnaires consisting of 14 questions (Raes et al., 2012 (Raes et al., , 2013 or 54 questions specific for a Japanese population (Takeshita et al., 2015) .
Three studies evaluated PROMs prior to and after treatment (Kolinski et al., 2014; Raes et al., 2012 Raes et al., , 2013 while the remainder of the included studies only evaluated PROMs after treatment (De Rouck et al., 2008a ,2008b Felice et al., 2011 Felice et al., , 2015 Ferrara et al., 2006; Takeshita et al., 2015) . When evaluated after treatment, the timeline to report the PROMs varied between 4 months after implant placement (Felice et al., 2011) to 4 years after final crown delivery (Ferrara et al., 2006) .
Given the heterogeneity in study design, in PROMs reported and time frame of reporting PROMS a qualitative review was undertaken.
3. Two randomized controlled trials by Felice et al. (2011 Felice et al. ( , 2015 with similar methodology aimed at comparing the outcomes of immediate postextractive implants (Type 1) and implants placed in and 0%-3.0% of patients, respectively, were "partially satisfied" or "unsure." For aesthetics, 100% of patients who received immediate implants answered that they were absolutely satisfied irrespective of the loading protocol. Similarly, 100% of patients stated that they would undergo the same therapy again. (2012) reported that over a 1-year period, the overall OHIP-14 average score increased from baseline to 6 months and remained stable thereafter. More specifically, two dimensions, psychological discomfort and disability, decreased significantly from baseline to 1 month which indicated that patients were less self-conscious, felt less tense, found it less difficult to relax, and were more relaxed with regard to their oral condition. The physical pain dimension decreased from the 1-month to the 6-month follow-up illustrating that the patient experienced less pain and could eat comfortably.
|
Similarly, Raes et al. (2013) showed that the overall OHIP-14 score increased from baseline (66.25 ± 3.86) to 12 months (69.67 ± 0.62) in patients receiving immediate implant and immediate provisionalization in the aesthetic anterior maxilla (teeth 15-25).
In a retrospective study, Takeshita 
| D ISCUSS I ON
The present systematic review sought to answer the following ques- 88.2%-100% were "absolutely satisfied", 0%-5.9% were "partially satisfied"and 0%-5.9% were "unsure" Group 1 with delayed loading: 93.9%-100% were "absolutely satisfied", 0%-3.0% were "partially satisfied" and 0%-3.0% were "unsure" 100% of patients were "absolutely satisfied" with aesthetic and 100% would undergo the same therapy again TA B L E 2 (additional columns -continued)
Given the general sense that PROMs tend to be underreported for clinical situations other than two implants supporting a mandibular overdenture and in an effort to capture all relevant data present in the literature, the present systematic review did not chose a specific PROM as an inclusion factor to address the PICO question. This led to the inclusion of a total of nine studies using different PROMs. Only one randomized controlled trial addressed specifically the PICO question (De Rouck et al., 2009 ) and two further randomized controlled trials included data for both immediate and conventional loading following type 1 implant placement within the same treatment arm (Felice et al., 2011 (Felice et al., , 2015 . The loading protocol was not randomized and was based on the implant placement insertion torque. Therefore, the studies by Felice et al. (2011 Felice et al. ( , 2015 had to be viewed as nonrandomized for the purpose of this review. The remaining studies only included the test intervention of interest as the sole treatment investigated (De Rouck et al., 2008a ,2008b Ferrara et al., 2006; Kolinski et al., 2014; Takeshita et al., 2015) or as part of a multiarm trial in which the other treatment arms were outside the scope of the present work (Raes et al., 2012 (Raes et al., , 2012 . Therefore, the majority of the included studies (six of nine) were single cohort uncontrolled studies.
All studies included in the present review reported exclusively on single tooth implant-supported restoration except for Kolinski et al. (2014) . In this study, the authors reported the outcomes of 60 implants up to 3 years. Of the 60 implants placed, 58 were placed for single tooth restorations while two were placed to support a fixed dental prosthesis (FDP). Ideally, for the purpose of the present review, data related to the two implants supporting the FDP should be excluded.
Unfortunately, the report by Kolinski et al., 2014 did not discriminate the outcomes based on the restorative indication, hampering the author's ability to extract the data for single tooth restorations only.
Nonetheless, the authors decided to keep the study by Kolinski et al. (2014) and to report their findings based on the following rationale:
1. At baseline, the PROMs from the one patient who received immediate implants for an FDP out of a total of 55 patients was unlikely to significantly change the reported values for the overall cohort.
2.
At the 3-year follow-up examination, 37 patients with 37 implants were evaluated, indicating that the patient with the two implants supported FDP had been lost to follow-up. Therefore, the PROMs reported at the 3-year timeline only included data from implantsupported single tooth restorations.
3.
As a qualitative review was undertaken, the authors felt that including the study by Kolinski et al., 2014 which had the longest follow-up of all included studies would add useful information to the review which would outweigh the fact that the baseline data included a single patient who received two implants for an FDP when the remaining data included in this review only included single tooth restorations.
For data derived from controlled trials, combining results of randomized and nonrandomized controlled trials has been questioned as it has been shown that results of nonrandomized controlled trials tended to show greater treatment effects than randomized controlled trials (Ioannidis et al., 2001) . While
newer Network Meta-analysis may overcome this shortcoming (Cameron et al., 2015) , two different sets of PROMs were used in the three comparative studies preventing pooling of the data and meaningful comparison between studies. Another shortcoming of these comparative trials was the fact that only one time point after treatment was considered for recording the PROMs which limited the prospective evaluation of the treatment benefits. These shortcomings were already mentioned in previous reviews McGrath, Lam, & Lang, 2012) . From the uncontrolled studies, overall patient satisfaction was high following immediate implant placement and loading. Three studies (Kolinski et al., 2014; Raes et al., 2012 Raes et al., , 2013 reported PROMs with a baseline evaluation prior to treatment up to 1 year (Raes et al., 2012 (Raes et al., , 2013 or 3 years (Kolinski et al., 2014) after treatment. The impact of treatment could be objectified by the significant increase in the VAS scores pertaining to function, aesthetic, speech, sense of the implant feeling like one's own, and self-esteem (Kolinski et al., 2014) and by the improvement of oral health-related quality of life as measured by the OHIP-14 (Raes et al., 2012 (Raes et al., , 2013 (Allen, 2003; Slade, 1997) . OHIP questionnaires presented the advantage to be standardized in comparison with other patient satisfaction questionnaires, for example, using VAS or categorical scales, which lacked standardization across studies and, thereby, hampered the ability to make any meaningful comparison between studies.
Given the sense of relative paucity of PROMs reported in the literature, the authors wanted to be as inclusive as possible and the scope encompassed all types of partial edentulism treated with either single or multiple tooth implant-supported restorations. However, the included studies reported almost exclusively on single tooth restorations. Therefore, the findings in the present review may not be extended to implant-supported fixed dental prostheses (FDPs) replacing multiple teeth. This maybe further supported by the fact that in clinical settings, the technical approach for immediate loading in extended tooth gaps may be more challenging as compared to single tooth restorations. Adjustment of the occlusion to limit the amount of forces in immediate loading situations, including full to the absence of contacts in centric and absence of excursive contacts have been reported (Schrott, Riggi-Heiniger, Maruo, & Gallucci, 2014) .
This may be more readily achievable for single tooth restorations as compared to longer span implant-supported FDPs. Finally, the clinical guidelines derived from the previous ITI consensus conference TA B L E 2 (additional columns -continued)
In conclusion, and within the limitations of the available literature, immediate implant placement and loading in single tooth edentulous space seemed to positively impact patients oral healthrelated quality of life as this therapeutic approach remains worthy of consideration in patient care. However, the paucity of comparative data limits any definitive conclusions as to which loading protocol; immediate or early/conventional, should be given preference based on PROMs.
| CON S IDER ATI ON FOR FUTURE RE S E ARCH
There is little discussion that incorporating the patient in the deci- To overcome them the following suggestions are made:
• Evaluation of PROMs should be evidence-based tools that have been previously validated, for example, OHIP.
• Evaluation of PROMs should include at the very least two time points: a baseline, that is, prior to treatment, and a posttherapeutic assessment to allow the prospective evaluation of treatment benefit.
• Ideally, multiple assessments are desirable to potentially discriminate short-term vs long-term benefits of treatment.
Moreover, further well-controlled randomized trials are needed to possibly determine the standard of care with regard to loading protocols based on clinical and patient-reported outcome measures.
CO N FLI C T S O F I NTE R E S T
No conflicts of interest are declared.
O RCI D
Guy Huynh-Ba http://orcid.org/0000-0002-8487-8982
R E FE R E N C E S
